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Whole bone strength is determined by bone mass, microarchitecture and intrinsic properties of the bone matrix. 27 However, few studies have directly investigated the contribution of bone tissue material properties to whole bone 28 strength in humans. This study assessed the role of bone matrix composition on whole lumbar vertebra mechan-29 ics. We obtained 17 fresh frozen human lumbar spines (8 W, 9 M, aged 76 ± 11 years). L3 bone mass was mea-30 sured by DXA and microarchitecture by μ-CT with a 35 μm-isotropic resolution. Microarchitectural parameters 31 were directly measured: Tb.BV/TV, SMI, Tb.Th, DA, Ct.Th, Ct.Po and radius of anterior cortical curvature. Failure 32 load (N), stiffness (N/mm) and work to failure (N.mm) were extracted from quasi-static uniaxial compressive 33 testing performed on L3 vertebral bodies. FTIRM analysis was performed on 2 μm-thick sections from L2 34 trabecular cores, with a Perkin-Elmer GXII Auto-image Microscope equipped with a wide band detector. 35 Twenty measurements per sample were performed at 30 * 100 μm of spatial resolution. Each spectrum was col-36 lected at 4 cm −1 resolution and 50 scans in transmission mode. Mineral and collagen maturity, and mineraliza-37 tion and crystallinity index were measured. There was no association between the bone matrix characteristics 38 and bone mass or microarchitecture. Mineral maturity, mineralization and crystallinity index were not related 39 to whole vertebra mechanics. However, collagen maturity was positively correlated with whole vertebra failure 40 load and stiffness (r = 0.64, p = 0.005 and r = 0.54, p = 0.025, respectively). The collagen maturity (3rd step) 41 in combination with bone mass (i.e. BMC, 1st step) and microarchitecture (i.e. Tb.Th, 2nd step) improved the 42 prediction of whole vertebra mechanical properties in forward stepwise multiple regression models, together 43 explaining 71% of the variability in whole vertebra stiffness (p = 0.001). In conclusion, we demonstrated a sub-44 stantial contribution of collagen maturity, but not mineralization parameters, to whole bone strength of human 45 lumbar vertebrae that was independent of bone mass and microarchitecture.
mechanisms involved in bone fragility. For example, in cohort studies, 82 bisphosphonates impacted on bone matrix formation, in addition to 83 their well-established antiresorptive effect. They contribute, therefore, 84 to fragility fracture prevention and highlight the necessity for assess-85 ment of the bone matrix contribution to whole bone strength [15, 16] . 86 This study aimed to investigate the direct contribution of the 87 organic and inorganic bone matrix properties to the mechanical behav-88 ior of whole human lumbar vertebrae. We hypothesized that bone 89 matrix directly impacts mechanical behavior at the whole bone level, 90 independently of bone mass and microarchitecture. 
Results

195
Descriptive statistics for bone mass, microarchitecture, matrix charac-196 teristics and whole vertebra mechanics parameters are shown in Table 1 .
197
There was no influence of age on bone mass, microarchitecture, matrix 198 and mechanics parameters. No effect of sex was found except for BMC, 199 which was significantly higher in men than in women (7.63 ± 2.03 g 200 vs. 5.62 ± 1.32, p = 0.031).
201
No correlation was found between the bone matrix characteristics 202 and bone mass or microarchitecture ( Table 2 ). The BMD and Tb.BV/TV 203 were positively correlated with failure load, stiffness and work to failure 204 (r = 0.56 to 0.69; p = 0.002 to 0.019) ( Table 2 ). The SMI was negatively 205 correlated with failure load, stiffness and work to failure (r = −0.81, 206 −0.58 and −0.64; p = b 0.0001, 0.014, 0.005, respectively) ( Table 2) .
207
In addition, the parameters of thickness (i.e., Tb.Th and Ct.Th) were pos-208 itively correlated with work to failure (r = 0.53 and 0.61; p = 0.027 209 and 0.009, respectively) ( Table 2 ). The mineral maturity, the mineraliza-210 tion and the crystallinity index were not correlated with whole vertebrae 211 mechanics ( Table 2 ). However, the collagen maturity was positively 212 correlated with whole vertebra failure load and stiffness (r = 0.64; 213 p = 0.005 and r = 0.54; p = 0.025, respectively) ( Table 2) . only the combination of BMC (1st step, p = 0.001), Tb.Th (2nd step, 218 p = 0.007) and collagen maturity (3rd step, p = 0.012) was signifi-219 cant for the whole vertebra stiffness (R = 0.84, p = 0.001). the absence of water, due to molecular level interactions resulting in a 300 strong and rigid material [35] . However, when water is added, water mol-301 ecules unglue the nanofibers and the material becomes softer [35] . In- ness due to disorganization of the organic matrix [38, 39] .
317
This study presented with five main limitations. In conclusion, collagen maturity was an independent predictor of 335 whole vertebra failure load and stiffness, and explained more than 
